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[0001] The present invention relates to a decorative sheet, which can be used, for example, in interior decoration of
buildings, surface decoration of fittings, and surface decoration of upholstery in vehicles, and has excellent design effect,
and a decorative material such as a decorative plate.
[0002] One example of conventional decorative sheets is such that a protective layer formed of an ionizing radiationcured resin, such as an electron beam-cured resin, is provided. In this type of decorative sheets, a pattern, such as a
woodgrain pattern, is provided on the surface of a substrate sheet, such as paper, an olefin resin, or a vinyl chloride
resin, and a protective layer formed of an electron beam-cured resin or the like is provided on the surface of the pattern.
In general, such decorative sheets are applied, for example, as interior materials for fittings or buildings, to particle
boards, plywoods, plastic members, or other substrates for decorative plates, and then used as decorative plates.
[0003] JP-A-7186514 discloses a transfer sheet comprising in the following order a substrate sheet, an ionizing radiation
curable layer, a stress relaxing layer, a print layer covered by an adhesive layer which is applied to the surface of electrical
equipment, furniture etc... for the manufacture of decorative materials.
[0004] In conventional decorative sheets provided with a protective layer formed of an ionizing radiation-cured resin,
the ionizing radiation-cured resin has a regulated crosslink molecular weight. In general, molecular weight between
crosslinks or average crosslink molecular weight is used as an index of the crosslink molecular weight. For conventional
electron beam-cured resins, for example, the average molecular weight between crosslinks is set to 150 to 1,000, more
preferably 200 to 1,000, still more preferably 250 to 800. In this case, the average molecular weight between crosslinks
is determined by the following equation:
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[0005] In this equation, the molecular weight of the whole resin is ∑ (number of moles of each component incorporated
x molecular weight of each component), and the number of crosslink points is ∑ [2(number of functional groups in each
component - 1) x number of moles of each component].
[0006] When the average molecular weight between crosslinks exceeds 1,000, the whole resin is excessively soft. In
this case, high hardness characteristic of electron beam-cured resins is lost, posing a problem of scratch resistance of
the protective layer in its surface. Even though the average molecular weight between crosslinks is 250 to 800, which
has been regarded as a preferred molecular weight range for the conventional protective layer, for example, a protective
layer having an average molecular weight between crosslinks of about 800 close to the upper limit value poses a problem
of resistance to staining. In this case, in a test on resistance to staining, a contaminant is likely to be left on the surface
of the protective layer. On the other hand, when the average molecular weight between crosslinks is brought to not more
than 200, the resistance of the protective layer to staining is significantly improved. The reason for this is that the hardness
of the protective layer in its surface has been increased by virtue of an increase in proportion of the functional group to
the molecular weight. This enables the amount of the contaminant left on the surface to be reduced. When the average
molecular weight between crosslinks is not more than 200, the electron beam-curable resin coheres at the time of curing,
unfavorably leading to a failure of the print layer of a woodgrain pattern or the like underlying the protective layer.
Consequently, a failure of adhesion occurs. In particular, when the ink composition constituting the print layer contains
a large amount of a pigment, the separation between layer is likely to occur.
[0007] The present invention has been made with a view to solving the above problems of the prior art, and it is an
object of the present invention to provide a decorative material which has a protective layer possessing excellent resistance to staining and does not cause a problem of a failure of adhesion or the like.
[0008] According to the present invention, there is provided a decorative material comprising:
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a substrate;
a print layer provided on the substrate;
a protective layer provided on the print layer, the protective layer comprising an ionizing radiation-cured resin; and
a stress relaxing layer as a primer layer provided between the print layer and the protective layer, for relaxing
shrinkage stress caused at the time of curing of an ionizing radiation-curable resin for the formation of the ionizing
radiation-cured resin constituting the protective layer.
The primer layer preferably has a thickness of 1 to 5 mm.
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[0009] According to a preferred embodiment of the present invention, the ionizing radiation-cured resin has an average
molecular weight between crosslinks of 100 to 200.
[0010] Further, according to a preferred embodiment of the present invention, the ionizing radiation-cured resin is an
electron beam-cured resin.
[0011] According to a preferred embodiment of the present invention, for the primer layer, the yield strength is not less
than 0.6. kgf (5.88 N), more preferably 0.6 to 3.0 kgf (5.88 to 29.42 N), and the breaking strength is not less than 1.0
kgf (9.80 N), more preferably 1.0 to 4.0 kgf (9.80 to 39.22 N). The yield strength and the breaking strength are measured
in such a manner that two biaxially stretched polyethylene terephthalate film strips having a thickness of 50 mm and a
width of 10 mm are laminated on top of the other through a 3 mm-thick primer layer so as for the end of one of the strips
to overlap with the end of the other strip by 10 mm and, in this state, the two biaxially stretched polyethylene terephthalate
film strips are pulled at a temperature of 70°C in opposite directions.
[0012] According to another preferred embodiment of the present invention, the protective layer has a maximum
temperature, at which the protective layer can withstand, of 170°C.
[0013] According to another preferred embodiment of the present invention, the top coat has a maximum temperature,
at which the top coat can withstand, of 170°C.
[0014] According to still another preferred embodiment of the present invention, the decorative material has a surface
gloss of not less than 90 as measured with a Gardner 75-degree gloss meter.
[0015] Further, according to a preferred embodiment of the present invention, the print layer comprises a pattern
having lower air permeability than the other portions and has, on its whole surface, the protective layer. In this embodiment,
the protective layer may contain high-hardness spherical particles for improving abrasion resistance. Further, in this
preferred embodiment, concaves and convexes consistent with the pattern having lower air permeability are provided
on the surface of the decorative material.
Fig. 1, Fig. 3 and Figs. 9 to 11 are cross-sectional views of decorative materials according to embodiments of the
present invention; and
Fig. 2 is a cross-sectional view showing a production process of the decorative material according to the present
invention.
[0016] A decorative sheet according to an embodiment of the present invention will be described with reference to the
accompanying drawings. A decorative sheet 1 according to the embodiment shown in Fig. 1 comprises a substrate sheet
2, a print layer 3 provided on the surface of the substrate sheet 2, and, on the surface side of the print layer 3, an under
coat 4 and an ionizing radiation-cured resin layer 5 as a protective layer.
[0017] Materials usable the substrate sheet 2 include papers having a basis weight of about 50 to 150 g/m2, fibrous
sheets formed of woven fabrics or nonwoven fabrics, and olefin and vinyl chloride resins. When the substrate sheet 2
is constituted, for example, by a fibrous sheet formed of paper, a woven fabric or a nonwoven fabric, the thickness of
the substrate sheet 2 may be about 50 to 300 mm. Fibrous materials usable for constituting the fibrous sheet include
organic synthetic or artificial fibers, such as fibers of cellulose pulps, hemp, cotton, and nylon, and inorganic fibers, such
as fibers of asbestos, glass, quartz, carbon, and potassium titanate. The fibrous sheet using cellulose pulp fibers is the
so-called "paper," and specific examples thereof include wood-free paper, kraft paper, and Japanese paper. Further,
for example, the so-called "impregnated paper," which is the fibrous sheet or the like impregnated with a curable resin
or the like, may also be used in the base paper for decorative papers.
[0018] Another example of the substrate sheet 2 comprises, as a main material, high-density polyethylene or polypropylene as a hard segment and, added thereto, an elastomer as a soft segment and an inorganic filler (first polyolefin
resin). An ethylene-propylene-butene copolymer (second polyolefin resin) disclosed in Japanese Patent Laid-Open Nos.
111055/1997, 77371/1993, and 316358/1995 may also be used in the substrate sheet 2. Further, a mixture of isotactic
polypropylene as a hard segment with atactic polypropylene as a soft segment (third polyolefin resin) described in
Japanese Patent Publication No. 23278/1994 may be used in the substrate sheet 2. If necessary, a colorant may be
added thereto.
[0019] The high-density polyethylene used in the first polyolefin resin is a high-density polyethylene which is preferably
polyethylene having a specific gravity of 0.94 to 0.96 and a polymer, having a high degree of crystallization and no
significant branch structure in the molecule, produced by low pressure process. polypropylene used in the first polyolefin
resin is preferably isotactic polypropylene. Elastomers usable in the first polyolefin resin include diene rubber, hydrogenated diene rubber, and olefin elastomer. The hydrogenated diene rubber is a diene rubber wherein a hydrogen atom
has been added to at least a part of double bonds of the molecule. The hydrogenated diene rubber functions to inhibit
the crystallization of the polyolefin resin to improve the softness. Diene rubbers include isoprene, butadiene, butyl,
propylene-butadiene, acrylonitrile-butadiene, acrylonitrile-isoprene, and styrene-butadiene rubbers. The olefin elastomer
is an elastomeric copolymer wherein at least one polyene copolymerizable with two or three or more olefins has been
added. Olefins usable herein include ethylene, propylene and α-olefins. Polyenes usable herein include 1,4-hexadiene,
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cyclic diene, and norbornene. Preferred olefin elastomers include, for example, elastomeric olefin-based copolymers,
such as ethylene-propylene copolymer rubbers, ethylene-propylene non-conjugated diene rubbers, and ethylene-butadiene copolymer rubbers. These elestomers may, if necessary, be crosslinked to a suitable extent with the aid of a
crosslinking agent, such as an organic peroxide or sulfur.
[0020] The amount of the elastomer added is generally 10 to 60% by weight, preferably about 30% by weight. When
the amount of the elastomer added is less than 10% by weight, the change in elongation under a given load is excessively
rapid and, in addition, the breaking elongation, the impact strength, and the easy adhesion are deteriorated. On the
other hand, the amount of the elastomer added is more than 60% by weight, the transparency, the weathering resistance,
and the creep resistance are deteriorated.
[0021] Inorganic fillers usable herein include powders having an average particle diameter of about 0.1 to 10mm, such
as calcium carbonate, barium sulfate, clay, and talc. The amount of the inorganic filler added is generally about 1 to
60% by weight, preferably 5 to 30% by weight. When the amount of the inorganic filler added is less than 1% by weight,
the creep deformation resistance and the easy adhesion are deteriorated. On the other hand, when the amount of the
inorganic filler added exceeds 60% by weight, the breaking elongation and the impact resistance are lowered.
[0022] The second polyolefin resin is a thermoplastic elastomer comprising an ethylene-propylene-butene copolymer
resin. All three structural isomers of 1-butene, 2-butene, and isobutylene are usable as the butene. The copolymer is a
random copolymer and partly contains an amorphous portion.
[0023] Specific examples of preferred ethylene-propylene-butene copolymer resins include the following three ethylene-propylene-butene copolymer resins. The first copolymer resin is a random copolymer of a terpolymer of ethylene,
propylene, and butene described in Japanese Patent Laid-Open No. 111055/1997. Not less than 90% by weight of the
copolymer is accounted for by propylene. The melt flow rate of the copolymer is suitably 1 to 50 g/10 min under conditions
of 230 °C and 2.16 kg. 0.01 to 50 parts by weight of a transparent nucleator composed mainly of an aryl phosphate
compound and 0.003 to 0.3 part by weight of an fatty acid amide having 12 to 22 carbon atoms has been melt kneaded
with 100 parts by weight of the terpolymer to prepare the random copolymer.
[0024] The second copolymer is a terpolymer of ethylene, propylene, and butene described in Japanese Patent LaidOpen No. 77371/1993 wherein 80 to 0% by weight of crystalline polypropylene has been added to 20 to 100 % by weight
of an amorphous magnetic material having a propylene component content of not less than 50% by weight. The third
copolymer is a terpolymer of ethylene, propylene, and 1-butene described in Japanese Patent Laid-Open No.
316358/1995 wherein 0.5% by weight of an oil gelling agent, such as N-acylamino acid amine salt or an N-acylamino
acid ester, has been added to a composition comprising 20 to 100% by weight of a low crystalline polymer having a
propylene and/or 1-butene content of not less than 50% by weight and, added thereto, 80 to 0% by weight of a crystalline
polyolefin, such as isotactic polypropylene.
[0025] The ethylene-propylene-butene copolymer resin may be used alone or as a mixture of the ethylene-propylenebutene copolymer resin optionally with other polyolefin resin.
[0026] The third polyolefin resin is a soft polypropylene described in Japanese Patent Laid-Open No. 23278/1994
which comprises a mixture of 10 to 90% by weight of a soft segment of an atactic polyolefin, having a number average
molecular weight Mn of not less than 25,000 with a ratio of weight average molecular weight Mw to number average
molecular weight Mn, that is, Mw/Mn, % 7 and soluble in boiling heptane, with 90 to 10% by weight of a hard segment
of isotactic polypropylene which has a melt index of 0.1 to 4 g/10 and is insoluble in boiling heptane.
[0027] Among the soft polypropylenes, those, which are less likely to cause the so-called "necking" and have good
suitability for embossing for forming into various shapes under heat and pressure conditions, comprise a mixture of
isotactic polypropylene with atactic polypropylene and preferably have an atactic polypropylene component content of
5 to 50% by weight, more preferably 20 to 40% by weight.
[0028] In an atactic polypropylene content of less than 5% by weight, nonuniform sheet deformation by necking at the
time of embossing or forming into products having three-dimensional shapes or concaves and convexes and consequently
cockles and deformation of the printed pattern are likely to occur. When the content of the atactic polypropylene exceeds
50% by weight, the sheet per se is likely to be deformed. This causes the sheet to be deformed when the sheet is passed
through a printing machine, leading to problems, for example, deformation of the printed pattern and, in the case of
multi-color printing, misregistration.
[0029] If desired, colorants, ultraviolet absorbers, photostabilizers, heat stabilizers, antioxidants, antistatic agents,
flame retardants, foaming agent and the like may be added to the olefin resin in the substrate sheet 2. Colorants usable
herein include: inorganic pigments, such as titanium white, zinc flower, iron oxide red, vermillion, ultramarine blue, cobalt
blue, titanium yellow, chrome yellow, and carbon black; organic pigments or dyes, such as isoindolinone, Hanza Yellow
A, quinacridone, Permanent Red 4R, and phthalocyanine blue; metal pigments, such as flake powders of aluminum,
brass and the like; and nacreous pigments, such as flake powders of titanium dioxide covered mica and basic zinc
carbonate. Any of transparent coloration and opaque (masking) coloration may be used. In general, opaque coloration
is preferred from the viewpoint of concealing the adherend.
[0030] Heat stabilizers include conventional phenolic, sulfite, phenylalkane, phosphite, amine and other heat stabilizers.
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These heat stabilizers are used in improving the prevention of deterioration, such as heat discoloration, at the time of
thermal processing. Flame retardants include powders of aluminum hydroxide, magnesium hydroxide and the like. These
are added when flame retardancy is added.
[0031] The ultraviolet absorber is used to impart better weathering resistance to the resin, and examples thereof
include: benzophenone ultraviolet absorbers, such as 2-hydroxybenzophenone; and salicylic ester ultraviolet absorbers,
such as phenyl salicylate and 4-t-butylphenyl salicylate. In addition, reactive ultraviolet absorbers with an acryloyl or
methacryloyl group introduced into the benzotriazole skeleton may also be used. The amount of the ultraviolet absorber
added is generally about 0.1 to 10% by weight.
[0032] The addition of a radical scavenger is preferred from the viewpoint of further preventing deterioration by ultraviolet
light and improving the weathering resistance. Radical scavengers include bis-(2,2,6,6-tetramethyl-4-piperazinyl) sebacate, bis-(N-methyl-2,2,6,6-tetramethyl-4-piperidinyl) sebacate, and, in addition, hindered radical scavengers and piperidinyl radical scavengers disclosed, for example, in Japanese Patent Publication No. 82625/1992.
[0033] The substrate sheet may be produced by blending the above materials and forming the blend into a film by a
conventional method, such as calendering. The thickness of the substrate sheet is generally about 50 to 200 mm,
preferably about 100 mm.
[0034] The print layer 3 is formed by pattern printing, color printing or the like. The print layer 3 is specifically a colored
(transparent or opaque) pattern or solid print with a pigment added thereto, and may be formed using an ink (or a coating
composition), for example, by a conventional printing method, such as gravure printing, offset printing, silk screen printing,
or transfer printing from a transfer sheet. Patterns in the print layer 3 include woodgrain patterns, rift patterns, texture
patterns, leather grain patterns, geometric figures, letters, and symbols. In inks used in the print layer 3, for example,
chlorinated polyolefins, such as chlorinated polyethylene and chlorinated polypropylene, polyesters, polyurethane, acryl,
vinyl acetate, vinyl chloride-vinyl acetate copolymer, and cellulose resins may be used as a binder. They may be used
alone or as a mixture of two or more. Pigments and the like may be added to the binder. The print layer 3 may be provided
on the whole surface or a part of the surface of the substrate sheet 2. As shown in Fig. 1, the print layer 3 may comprise
a solid print layer 3a provided on the whole surface of the substrate sheet 2 and a pattern print layer 3b partially provided
on the surface of the solid print layer.
[0035] When the substrate sheet 2 is formed of paper, the use of an acryl nitrocellulosic ink is preferred. On the other
hand, when the substrate sheet 2 is formed of an olefin resin, the use of a urethane ink is preferred. When the substrate
sheet 2 is formed of a vinyl chloride resin, the use of a vinyl chloride-vinyl acetate copolymer ink is preferred. Any ink
capable of forming a desired pattern may be used so far as the adhesion to the substrate sheet 2 is good.
[0036] The acryl nitrocellulosic ink is a mixture of an acrylic resin and nitrocellulose in any mixing ratio. In this case,
the ratio of the acrylic resin to nitrocellulose may be any one. Acrylic resins include acrylic resins (the term "(meth)acryl"
used herein referring to acryl or methacryl; the same shall apply hereinafter) which are homopolymers or copolymers
containing an (meth)acrylic ester, such as polybutyl (meth)acrylate, polyethyl (meth)acrylate, polypropyl (meth)acrylate,
polybutyl (meth)acrylate, methyl (meth)acrylate-butyl (meth)acrylate copolymer, ethyl (meth)acrylate-butyl (meth)acrylate copolymer, ethylene-methyl (meth)acrylate copolymer, and styrene-methyl (meth)acrylate copolymer.
[0037] At least one acrylic resin selected from the above acrylic resins is mixed with nitrocellulose, and the mixture is
used for the ink layer.
[0038] An under coat 4 is provided for relaxing shrinkage at the time of curing of an ionizing radiation-curable resin
layer for the formation of the ionizing radiation-cured resin layer 5. The under coat 4 may be formed of acrylic resin, vinyl
chloride-vinyl acetate copolymer, polyester resin, urethane resin, butyral resin, chlorinated polypropylene, or chlorinated
polyethylene.
[0039] When the under coat 4 is formed of a resin layer composed mainly of an acrylic resin, acrylic resins usable
herein include those used in the acryl nitrocellulosic ink, for example, acrylic resins (the term "(meth)acryl" used herein
referring to acryl or methacryl; the same shall apply hereinafter) which are homopolymers or copolymers containing an
(meth)acrylic ester, such as polymethyl (meth)acrylate, polyethyl (meth)acrylate, polypropyl (meth)acrylate, polybutyl
(meth)acrylate, methyl (meth)acrylate-butyl (meth)acrylate copolymer, ethyl (meth)acrylate-butyl (meth)acrylate copolymer, ethylene-methyl (meth)acrylate copolymer, and styrene-methyl (meth)acrylate copolymer.
[0040] A urethane resin may also be used for forming the under coat 4. The urethane resin may be a polyurethane
comprising a polyol (a polyhydric alcohol) as a main agent and an isocyanate as a crosslinking agent (a curing agent).
Polyols usable herein include those having two or more hydroxyl groups in the molecule thereof, for example, polyethylene
glycol, polypropylene glycol, acrylpolyol, polyester polyol, and polyether polyol. Isocyanates usable herein include those
having two or more isocyanate groups in the molecule thereof, for example, polyisocyanate, aromatic isocyanate, such
as 4,4-diphenylmethane diisocyanate, or aliphatic (or alicyclic) isocyanate, such as hexamethylene diisocyanate, isophorone diisocyanate, hydrogenated tolylene diisocyanate, and hydrogenated diphenylmethane diisocyanate. Further,
the under coat 4 may be formed of a mixture of a urethane resin with a buryral resin.
[0041] The under coat 4 is a layer for relaxing shrinkage at the time of curing of an ionizing radiation-curable resin
layer for the formation of an ionizing radiation-cured resin layer 5. In order to attain the contemplated effect, the thickness
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of the under coat 4 is set to 1 to 5 mm. In particular, a thickness of not less than 2 mm is preferred from the viewpoint of
relaxing the shrinkage of the curable resin layer, and a thickness of not more than 3 mm is preferred from the viewpoint
of preventing layer-to-layer separation. Therefore, the layer thickness is more preferably about 2 to 3 mm. When the
under coat 4 having a thickness selected from the above thickness range is formed on the pattern layer 3 and, thereafter,
an ionizing radiation-curable resin layer is formed thereon followed by curing the ionizing radiation-curable resin layer
to form an ionizing radiation-cured resin layer 5 as the protective layer, the influence of condensation of the ionizing
radiation-curable resin layer does not directly reach the print layer 3. The softness of the under coat 4 per se can
satisfactorily relax the shrinkage at the time of curing of the ionizing radiation-curable resin layer to form the ionizing
radiation-cured resin layer 5.
[0042] The under coat 4 may be formed by a direct coating method. A transfer coating method may also be used.
When the under coat 4 is formed by the direct coating method, gravure coating, gravure reverse coating, gravure offset
coating, spinner coating, roll coating, reverse roll coating, kiss coating, whirler coating, dip coating, solid coating using
silk screen, wire bar coating, flow coating, Komma coating, cast coating, brush coating, or spray coating or the like may
be used. The transfer coating method is such that a coating for an under coat is once formed on a thin sheet or film
(substrate) and then covered on the surface of the substrate. Examples of the transfer coating method include a lamination
method wherein the coating of the coating composition, together with the substrate, is adhered onto a three-dimensional
object, and a transfer method wherein a transfer sheet comprising a releasable support sheet and, provided thereon, a
coating and optionally an adhesive layer is once adhered and only the support sheet is separated.
[0043] The ionizing radiation-curable resin layer 5 for the formation of the ionizing radiation-cured resin layer as the
protective layer may be an ionizing radiation-curable composition comprising a suitable mixture of prepolymers, oligomers
and/or monomers having a polymerizable unsaturated bond(s) or an epoxy group(s) in the molecule thereof. The term
"ionizing radiation" used herein refers to electromagnetic radiations or charged particle beams which have energy quanta
capable of polymerizing or crosslinking molecules, and generally refers to, for example, ultraviolet light or electron beam.
In the present embodiment, the ionizing radiation-curable resin is an electron beam-curable resin which, upon exposure
to an electron beam, can be cured to form an electron beam-cured resin having high hardness.
[0044] Prepolymers and oligomers include: unsaturated polyesters, such as condensates of unsaturated dicarboxylic
acids with polyhydric alcohols; methacrylates, such as polyester methacrylates, polyether methacrylates, polyol methacrylates, and melamine methacrylates; acrylates, such as polyester acrylates, epoxy acrylates, urethane acrylates,
polyether acrylates, polyol acrylates, and melamine acrylates; and cationically polymerizable epoxy compounds.
[0045] Urethane acrylates include, for example, polyether urethane (meth)acrylates represented by the following general formula which are prepared, for example, by reacting polyether diol with diisocyanate:
CH2=C (R1)-COOCH2CH2-OCONH-X-NHCOO-[-CH(R 2)- (CH2)n-O-]m-CONH-X-NHCOO-CH2CH2OCOC (R1)
=CH2 wherein R1 and R2 each independently represent a hydrogen atom or a methyl group; X represents a diisocyanate residue; n is an integer of 1 to 3; and m is an integer of 6 to 60.
[0046] Diisocyanates usable as the polyether urethane (meth)acrylate include, for example, isophorone diisocyanate,
dicyclohexylmethane diisocyanate, hexamethylene diisocyanate, diphenylmethane diisocyanate, and tolylene diisocyanate. Polyether diols include polyoxypropylene glycol, polyoxyethylene glycol, and polyoxytetramethylene glycol, these
polyether diols having a molecular weight of 500 to 3,000.
[0047] Examples of the production of urethane acrylate will be described. A glass reactor equipped with a dropping
funnel, a thermometer, a reflux condenser, and a stirring rod was charged with 1,000 parts of polytetramethylene glycol
having a molecular weight of 1,000 and 444 parts of isophorone diisocyanate. The system was allowed to react at 120
°C for 3 hr, and then cooled to 80 °C or below. 232 parts by weight of 2-hydroxyethyl acrylate was added thereto, and
a reaction was allowed to proceed at 80°C until the isocyanate group disappeared. Thus, a urethane acrylate was
prepared.
[0048] Monomers usable for the formation of the ionizing radiation-curable resin include styrene monomers, such as
styrene and α-methylstyrene, acrylic esters, such as methyl acrylate, 2-ethylhexyl acrylate, methoxyethyl acrylate, butoxyethyl acrylate, butyl acrylate, methoxybutyl acrylate, and phenyl acrylate, methacrylic esters, such as methyl methacrylate, ethyl methacrylate, propyl methacrylate, methoxyethyl methacrylate, ethoxymethyl methacrylate, phenyl methacrylate, and lauryl methacrylate, substituted amino alcohol esters of unsaturated substituted acids, such as 2-(N,Ndiethylamino)ethyl acrylate, 2-(N,N-dimethylamino)ethyl methacrylate, 2-(N,N-dibenzylamino)methyl acrylate, and
2-(N,N-diethylamino)propyl acrylate, unsaturated carboxylic acid amides, such as acrylamide and methacrylamide, compounds, such as ethylene glycol diacrylate, propylene glycol diacrylate, neopentyl glycol diacrylate, 1,6-hexanediol
diacrylate, and triethylene glycol diacrylate, polyfunctional compounds, such as dipropylene glycol diacrylate, ethylene
glycol diacrylate, propylene glycol dimethacrylate, and diethylene glycol dimethacrylate, and/or polythiol compounds
having two or more thiol groups in a branch thereof, for example, trimethylolpropane trithioglycolate, trimethylolpropane
trithiopropylate, and pentaerythritol tetrathioglycol.
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[0049] A photopolymerization initiator may be added to the ionizing radiation-curable resin layer for the formation of
the ionizing radiation-cured resin layer 5. Photopolymerization initiators include acetophenones, benzophenones, Michler’s benzoyl benzoate, α-aminoxime ester, tetramethylthiuram monosulfide, thioxanthones, aromatic diazonium salt,
aromatic sulfonium salt, and metallocene. n-Butylamine, triethylamine, tri-n-butylphosphine or the like may be further
added as a photopolymerization accelrator (a sensitizer). The amount of the photopolymerization initiator added is
preferably 1 to 10% by weight from the viewpoint of good curability. The photopolymerization initiator is preferably a
benzophenone photopolymerization initiator from the viewpoint of good curability.
[0050] The ionizing radiation-cured resin layer 5 may further contain, dispersed therein, spherical particles for further
imparting scratch resistance to the ionizing radiation-cured resin layer 5. The spherical particles may be made of any
material so far as the hardness is higher than the resin cured by crosslinking. Inorganic particles or organic resin particles
may be used as the spherical particles. However, inorganic particles are recommended from the viewpoint of abrasion
resistance and hardness. The difference in hardness between the spherical particles and the resin cured by crosslinking
may be measured, for example, by the Mohs hardness, Vickers hardness or other method, and is preferably not less
than 1 in terms of Mohs hardness.
[0051] Specific examples of materials for spherical particles include inorganic particles of α -alumina, silica, chromium
oxide, iron oxide, diamond, graphite and the like, and organic resin particles, such as beads of synthetic resins, such
as crosslinked acrylic resins. Particularly preferred spherical particles are spherical α-alumina, for example, from the
viewpoint of very high hardness, high effect of abrasion resistance, and relatively good availability of spheres.
[0052] The spherical particles may be in any shape so far as the surface is surrounded by a smooth curve, and
examples of shapes include truly spherical shapes, ellipsoids of revolution in a flattened sphere form, shapes close to
true spheres, and shapes close to ellipsoids of revolution. Preferably, the spherical particles are free from protrusions,
corners, valleys, or concaves particularly on the surface of particles. The spherical particles, as compared with particles,
having irregular shapes, of the same material, can advantageously significantly improve the abrasion resistance of the
surface resin layer per se, does not abrade a coating device, and, even after the curing of the coating, does not abrade
other materials, which come into contact with the coating, and, in addition, can provide higher transparency of the coating.
Spherical particles having smooth shapes can improve the effect.
[0053] In the present embodiment, particularly the resin constituting the ionizing radiation-cured resin layer 5 preferably
has an average molecular weight between crosslinks of not less than 100 and not more than 200. When the average
molecular weight between crosslinks falls within this range, in a test on resistance to staining, any contaminant is not
left on the surface of the layer, and the surface of the layer exhibits good resistance to staining. According to the present
embodiment, in curing the ionizing radiation-curable resin layer to form the ionizing radiation-cured resin layer 5, the
under coat 4 relaxes shrinkage caused in the course of curing of the resin layer. This can prevent the surface of the print
layer 3 from being directly broken. Primarily, when the average molecular weight between crosslinks is not more than
200, the crosslinking reaction strongly act in the layer, leading to significant shrinkage. However, the under coat 4
functions to scatter the force created by shrinkage and thus can prevent the print layer 3 from being broken. The average
molecular weight between crosslinks of the resin constituting the ionizing radiation-cured resin layer 5 may be determined
by dividing the molecular weight of the whole resin by the number of crosslink points (see the numerical formula described
above). In this case, the molecular weight of the whole resin is ∑ (number of moles of each component incorporated x
molecular weight of each component), and the number of crosslink points is ∑ [1(number of functional groups in each
component - 1) x 21 x number of moles of each component].
[0054] The ionizing radiation-cured resin layer 5 may contain an ionizing radiation-noncurable resin so far as the
resistance to staining is not sacrificed. Ionizing radiation-noncurable resins usable herein include thermoplastic resins,
such as urethane, cellulosic, polyester, acrylic, butyral, polyvinyl chloride, polyvinyl acetate and other thermoplastic
resins. Among them, cellulosic, urethane, and butyral thermoplastic resins are preferred from the viewpoint of flexibility.
The ionizing radiation-cured resin layer 5 may be formed by coating a coating composition containing the above-described
ionizing radiation-curable resin, spherical alumina, and plastic beads and other additives on the print layer 3 provided
on the substrate sheet 2 and curing the coating. The coating composition for the ionizing radiation-cured resin layer 5
may contain, in addition to the above ingredients, colorants, such as dyes or pigments, and, in addition, additives
commonly added to coating compositions or inks, for example, fillers including conventional matte regulating agents or
extenders, such as CaCO2 and BaSO4, antifoaming agents, levelling agents, thixotropic agents so far as the transparency,
abrasion resistance and the like as the surface resin layer are not sacrificed.
[0055] In order to modify the viscosity, the coating composition for the ionizing radiation-cured resin layer 5 may contain
not more than 30% by weight, based on the composition, of a solvent which can dissolve components of the resin and
has a boiling point of 70 to 150 °C at the atmospheric pressure. When the amount of the solvent added is not more than
30% by weight, the coating can be smoothly dried and the production speed is not significantly lowered.
[0056] The solvent may be any solvent commonly used, for example, in coating compositions and inks, and specific
examples thereof include: aromatic hydrocarbons, such as toluene and xylene; ketones, such as acetone, methyl ethyl
ketone, methyl isobutyl ketone, and cyclohexanone; acetic esters, such as ethyl acetate, isopropyl acetate, and amyl
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acetate; alcohols, such as methyl alcohol, ethyl alcohol, and isopropyl alcohol; ethers, such as dioxane, tetrahydrofuran,
and diisopropyl ether; and a mixture of two or more of these solvents.
[0057] The ionizing radiation-cured resin layer may be formed by a direct coating method wherein the coating composition is coated directly on the surface of the substrate sheet, or by a transfer coating method wherein an ionizing
radiation-curable resin layer is previously formed on the surface of a releasable substrate followed by transfer of the
ionizing radiation-curable resin layer onto the surface of the substrate sheet. When a decorative paper is used as the
substrate sheet, any of the direct coating method and the transfer coating method may be used if a base paper for the
decorative paper is formed of a material into which the coating composition cannot penetrate. On the other hand, the
use of the transfer coating method is preferred when the base paper for the decorative paper is penetrable with the
coating composition, when the substrate has surface irregularities, when an even coating thickness is contemplated, or
when the provision of uniform abrasion resistance is contemplated by using uniform intensity of the ionizing radiation.
[0058] Direct coating methods usable herein include gravure coating, gravure reverse coating, gravure offset coating,
spinner coating, roll coating, reverse roll coating, kiss coating, whirler coating, dip coating, solid coating using silk screen,
wire bar coating, flow coating, Komma coating, cast coating, brush coating, or spray coating or the like. Among them,
gravure coating is preferred.
[0059] The transfer coating method may utilize the following means (a) to (d). Specifically, for example, use may be
made of a lamination method (a, b) wherein a coating is once formed on a thin sheet (film) substrate and then cured by
crosslinking followed by covering on the surface of a substrate or wherein a coating of a coating composition, together
with a substrate, is adhered to a three-dimensional object, and a transfer method (c) wherein a transfer sheet formed
by once forming a coating and optionally an adhesive layer on a releasable support sheet and curing the coating by
crosslinking is adhered to a three-dimensional object, in such a manner that the coating side faces the three-dimensional
object, followed by removal of only the support sheet. Specifically, examples of means usable herein include (a) a
simultaneous injection molding and transfer method as disclosed in Japanese Patent Publication Nos. 42080/1990 and
19924/1992, or a simultaneous injection molding and lamination method as disclosed in Japanese Patent Publication
No. 19132/1975, (b) a simultaneous vacuum forming and transfer method as disclosed in Japanese Patent Laid-Open
Nos. 288214/1992 and 57786/1993, or a simultaneous vacuum forming and lamination method as disclosed in Japanese
Patent Publication No. 45768/1981, (c) a simultaneous lapping and transfer method or a simultaneous lapping and
lamination method as disclosed, for example, in Japanese Patent Publication Nos. 51900/1984, 5895/1986, and
2666/1991, and (d) a simultaneous V-cutting and lamination method as disclosed, for example, in Japanese Utility Model
No. 31122/1926, or a simultaneous V-cutting and transfer method as disclosed in Japanese Patent publication No.
7866/1981. The resin layer may be formed on the thin sheet substrate by various coating means as used in the direct
coating method.
[0060] Further, a method may be used wherein the following steps (A) to (D) may be carried out sequentially (as
described in Japanese Patent Laid-Open No. 26673/1990). Specifically, this method comprises the steps of: (A) coating
an uncured, liquid ionizing radiation-curable resin composition onto a nonabsorptive, releasable synthetic resin sheet;
(B) laminating the coated sheet onto a substrate in such a manner that the coating comes into contact with the substrate;
(C) applying an ionizing radiation to the coating of the ionizing radiation-curable resin composition to cause crosslinking
and curing the coating; and (D) separating and removing the synthetic resin sheet. In the method, when the ionizing
radiation-curable resin is used after dilution with a solvent, the step of removing the solvent is provided between the
step (A) and the step (B). According to the above method, even when the substrate is a material having high penetrability,
such as paper, the so-called "strike through," wherein the resin passes through the substrate and reaches the opposite
side of the substrate, can be surely prevented. This enables an ionizing radiation-cured resin layer 5 having good abrasion
resistance to be easily formed on the surface of the substrate.
[0061] As shown in Fig. 2, the decorative plate according to the present invention comprises: a substrate 6 for a
decorative plate; and a decorative sheet 1 applied onto the substrate 6 for the decorative plate, the decorative sheet 1
comprising the substrate sheet, the print layer, the under coat, and the ionizing radiation-cured resin layer stacked in
that order on top of one another. As shown in Fig. 2, in bonding the decorative sheet 1, an adhesive 7 is coated onto
the surface of the substrate 6 for the decorative plate, and the decorative sheet 1 is then laminated onto the substrate
6 for the decorative plate in such a manner that the decorative sheet 1 comes into contact with the adhesive 7, followed
by integration to prepare a decorative plate 8 as shown in Fig. 3. The adhesive 7 may be coated on the side of the
decorative sheet 1.
[0062] Substrates 6 for the decorative plate usable herein include: wood plates, such as veneers of wood, plywoods,
particle boards, and MDFs (medium-density fiber boards); gypsum boards and gypsum-based boards, such as gypsum
slag boards; cement boards, such as calcium silicate boards, asbestos slate boards, lightweight gas concrete boards,
and hollow extrusion cement boards; fiber cement boards, such as pulp cement boards, asbestos cement boards, and
wood chip cement boards; ceramic boards, such as earthenwares, porcelains, stonewares, doki, glass, and porcelain
enamels; metallic plates, such as iron plates, galvanized steel plates, polyvinyl chloride sol-coated steel plates, aluminum
plates, and copper plates; thermoplastic resin plates, such as polyolefin resin plates, acrylic resin plates, ABS plates,
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and polycarbonate plates; thermosetting resin plates, such as phenolic resin plates, urea resin plates, unsaturated
polyester resin plates, polyurethane resin plates, epoxy resin plates, and melamine resin plates; and resin plates, such
as the so-called FRP plate, produced by impregnating resins, such as phenolic resins, urea resins, unsaturated polyester
resins, polyurethane resins, epoxy resins, melamine resins, or diallyl phthalate resins into glass fiber nonwoven fabrics,
woven fabrics, papers, or other various fibrous substrates, and curing the impregnated substrates to prepare composites.
The substrate for the decorative plate may be a composite substrate produced by stacking two or more of the above
various substrates on top of each other or one another by conventional means, for example, with the aid of an adhesive
or by hot fusing.
[0063] The adhesive may be any one so far as it can bond the substrate 6 for the decorative plate to the decorative
sheet 1, and examples thereof include vinyl acetate and urea adhesives.
[0064] Lamination of a decorative sheet onto a substrate, such as a particle board, for imparting surface decoration
to the substrate to prepare a decorative material is well known in the art. Decorative sheets usable in the decorative
material include precoated papers, for example, urethane coated papers prepared by coating a base paper with a
urethane resin and an EB coated paper prepared by coating a base paper with an ionizing radiation-curable resin. In
these decorative sheets, high temperature treatment is carried out at the time of lamination of the decorative sheet onto
the substrate. This poses a problem that the resin layer in the decorative sheet is deteriorated due to a heat change
between before and after hot lamination. This causes a change in gloss of the decorative sheet in its surface and in its
turn adversely affects the decorative effect.
[0065] The decorative sheet of the present invention for solving the above problem is a decorative sheet to be hot
laminated onto a substrate, the decorative sheet preferably having, as the outermost layer, a surface protective layer
having a maximum temperature, at which the surface protective layer can withstand, of 170°C. The "maximum temperature at which the surface protective layer can withstand" refers to the maximum temperature at which the gloss of the
surface protective layer is not changed.
[0066] The gloss of the surface protective layer in the decorative sheet is preferably not less than 90 as measured
with a Gardner 75-degree gloss meter. In this case, the surface protective layer is preferably formed of an electron beamcured resin which has been produced from a composition preferably selected from those containing an urethane acrylate
oligomer, a polyester acrylate oligomer, a polyfunctional monomer, and a monofunctional monomer.
[0067] The decorative material according to the present invention include a decorative material of the above decorative
sheet hot laminated onto the substrate.
[0068] The layer construction of the decorative sheet according to this embodiment is shown in Fig. 9. Numeral 93
designates a base paper 93 serving as a substrate sheet in the decorative sheet. A pattern layer 92 is formed using a
printing ink on the base paper 93, and a surface protective layer 91 formed of an electron beam-cured resin is further
provided on the pattern layer 42. The layer construction of the decorative material according to the present invention is
shown in Fig. 10. As shown in Fig. 10, the decorative sheet according to the present invention is hot laminated onto
various substrates 94, such as particle boards, to prepare a decorative material according to the present invention.
Conventional decorative sheets undergo a thermal deterioration at 150 to 170°C. As a result, the surface gloss of the
decorative sheet is lowered. By contrast, since the decorative sheet according to the present invention has a maximum
temperature, at which the decorative sheet can withstand, of 170°C, the decorative sheet, even when exposed to a
temperature up to 170°C, does not undergo a deterioration in gloss.
[0069] Preferably, the resin used in the surface protective layer has a maximum temperature, at which the resin can
withstand, of 170 °C. Resins having such heat resistance include phenolic resins, melamine resins, silicone resins, urea
resins, and electron beam-cured resins. Electron beam-curable resins for the electron beam-cured resin include those
containing a urethane acrylate oligomer, a polyester acrylate oligomer, a polyfunctional monomer, and a monofunctional
monomer.
[0070] A pattern is formed using a printing ink on a base paper by a conventional printing technique, such as gravure
printing, offset printing, or silk screen printing.
[0071] Base papers usable herein include tissue papers, wood-free papers, and Japanese papers. In particular, a
paper called "titanium paper," into which an opaque pigment, such as titanium oxide, has been mixed, is preferred
because of its excellent opacifying power and impregnation of the resin liquid.
[0072] The substrate is preferably one which can provide thickness and strength necessary as the decorative material,
and examples thereof include plywoods and particle boards.
[0073] Embodiments of the decorative material having concaves and convexes consistent with the printed pattern
formed in the print layer will be described.
[0074] Various attempts to render recesses in the vessel portions of the woodgrains have hitherto been made. For
example, Japanese Patent Laid-Open No. 20912/1973 discloses a method for rendering a feeling of concaves and
convexes wherein flat dull vessels are printed and, thereafter, a glossy print is then provided on portions other than the
vessels. Japanese Patent Laid-Open No. 16752/1974 discloses a method wherein three or more inks with the content
of the particulate solid being step-wise increased are printed and, in this case, particularly the vessel portion is printed
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using an ink or coating composition having the highest particulate solid content, followed by the provision of a surface
protective layer on the whole surface. Further, Japanese Patent Laid-Open No. 108539/1990 discloses a method wherein
upper portions of the vessel pattern and upper portions of the other patterns are printed respectively using matte and
glazing inks to render a feeling of concaves and convexes.
[0075] In the case of printing of ordinary woodgrain patterns, gravure printing is generally used, and plates of threecolor separation are also used. Rather, however, special printing using special plates, that is, special printing using three
plate cylinder rollers in total, that is, a plate cylinder roller for uniformly applying a color, i.e., for solid printing, a plate
cylinder roller for rendering the shading of the whole woodgrain, and a plate cylinder roller for rendering vessel portions,
is carried out in more cases. Since elastic special original materials are in many cases used, the above special printing
is used. In this case, special plates are used wherein, in the registration, slight deviation in the flow of the original material,
that is, in the direction of the length, does not provide an impression of significant drawback. In this special printing,
instead of conventional yellow, magenta, cyan, and black process colors as inks, specially blended special color inks
are generally used.
[0076] An attempt to render recesses of the vessel portion by using an ink different from that used in the formation of
the vessel portion requires an additional plate cylinder roller in addition to the above three plate cylinder rollers. Further,
an attempt to render the raised portion in the pattern other than the vessel portion requires a further additional plate
cylinder roller. When one or two plate cylinder rollers are used in addition to the conventional three plate cylinder rollers,
a three-color machine cannot be used because only up to three plate cylinders can be installed. Instead, for registration
between patterns, a four-color machine, a five-color machine, or a multi-color machine for more colors should be used.
This leads to a limitation of usable printing machines. The surface protective layer may be formed by a printing machine.
However, the use of a coater, such as a roll coater, is more suited. If possible, the use of a coater different from the
printing machine is preferred. When uniform coating is carried out on the whole surface after printing, registration between
the print pattern and the coating layer is unnecessary. Therefore, it is possible to use a method wherein an original
material, which has been once wound after the completion of the print, is fed from a paper feed stand of a coater and
coating may be carried out without taking into consideration particularly the registration. When coating is carried out
after printing and printing is then carried out once more, registration between print patterns is necessary. In this case,
the original material, which has been once wound after the completion of the printing and coating, is fed again from a
paper feed stand of the printing machine followed by printing. In fact, however, registration between the printed pattern
and the pattern to be later printed is very difficult.
[0077] When the conventional techniques described is reviewed based on the above general finding, it is apparent
that the conventional techniques have the following drawbacks. In the first conventional technique, in addition to printing
of ordinary woodgrain patterns, printing is carried out using two plate cylinder rollers, and, in this printing, exact registration
is necessary between a positive plate having a pattern corresponding to portions of vessels and a plate having a pattern
in a negative relationship with the above pattern. That is, exact registration is required so as not to create a space
between both printed patterns. When a space is created between both the printed patterns, physical and chemical
various properties of the surface cannot be ensured in that portion. In the second conventional technique, since the
surface protective layer is provided, the physical and chemical various properties of the surface are ensured to some
extent. In this technique, however, three or more inks with the particulate solid content being step-wise increased should
be necessarily used for the formation of portions including those other than the vessel portion. This is causative of the
limitation of rendering of texture. Further, the addition of the particulate solid accelerates the penetration of the coating
composition coated on the vessel portion. This increases the amount of a waste coating composition for improving the
surface properties, and considerable penetration of the coating composition occur also in portions other than the vessel
portion although the degree of the penetration varies from portion to portion depending upon the particulate solid content.
In the third conventional technique, consideration is made so that the registration accuracy is relaxed. As with the first
conventional technique, however, a pattern different from the woodgrain pattern should be formed in order to provide a
feeling of concaves and convexes. Therefore, in addition to a plate cylinder roller for rendering a conventional pattern,
two additional plate cylinder rollers should be provided.
[0078] Therefore, according to a preferred embodiment of the present invention, there is provided a decorative material,
having a feeling of concaves and convexes consistent with a pattern, which, in the production thereof, can eliminate the
drawbacks of the prior art, that is, can minimize the necessity of increasing the number of plate cylinders and is less
likely to cause a problem of registration, and, in addition, has a uniform surface protective layer having satisfactory
protective function.
[0079] According to another preferred embodiment of the present invention, there are provided a decorative material
which has improved physical and chemical various properties of the surface while enjoying the feeling of concaves and
convexes consistent with the pattern, and a decorative material provided with a protective layer having improved abrasion
resistance.
[0080] That is, according to a preferred embodiment of the present invention, the print layer is formed of a pattern
having lower air permeability than the other portions, and a protective layer is provided on the whole surface of the print
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layer.
[0081] One example of the decorative material according to the above embodiment is shown in Fig. 11. A woodgrain
pattern 103 including a vessel pattern 102 and a pattern 104, with higher air permeability, covering portions other than
the portions on the vessel pattern 102 are provided through a primer layer 106 on a substrate 101. A surface protective
layer 105 is provided on the whole surface covering the vessel pattern 102 and the pattern 104. As shown in the drawing,
the woodgrain pattern 103 includes a solid print.
[0082] In this embodiment, attention is drawn to a woodgrain pattern, and portions corresponding to the woodgrain
vessel pattern are rendered more matte as compared with portions around the portions corresponding to the woodgrain
vessel pattern in order to provide an appearance such that the vessel pattern is in a recessed state. At the outset, a
woodgrain pattern 103 containing a vessel pattern 102 corresponding to woodgrain vessels and a pattern 104, with
higher air permeability, covering portions other then portions on the vessel pattern 102 are provided on a substrate 101.
The vessel pattern 102 and other woodgrain pattern are formed using conventional inks, and, as described below, the
pattern 104 is formed so that the air permeability is lower than that in the other portions. The woodgrain pattern is an
embodiment in which the effect of the present invention can be easily attained. As described above in connection with
the prior art, however, the present invention can be applied to any pattern so far as the feeling of concaves and convexes
is rendered by gloss.
[0083] The substrate 101 may be any substrate commonly used in the decorative material. Substrates usable herein
may be classified roughly into various papers, plastic films or plastic sheets, metallic foils, metallic sheets or metallic
plates, wood-based plates, such as wood, and various ceramic materials. Materials falling within these groups may be
used alone or alternatively as a laminate of any combination of these materials, such as a composite between papers,
a composite of a paper and a plastic film or the like. These substrates may be painted for regulating colors, or alternatively,
a conventional pattern may be previously formed from the viewpoint of design. Prior to the coating or the formation of
conventional patterns, the surface may be smoothed, or alternatively may be subjected to substrate treatment for enhancing the adhesion of the pattern. Further, after the coating or the formation of conventional patterns, adhesionimproving treatment may be carried out for facilitating subsequent processing.
[0084] Typical papers include tissue papers, kraft papers, titanium papers, and resin-impregnated papers wherein a
resin has been previously impregnated from the viewpoint of reinforcing paper strength. Other examples of papers usable
herein include linter papers, paperboards, and original papers for gypsum boards, and a group of original papers extensively used in the field of building materials, such as original materials for vinyl wall papers wherein a vinyl chloride resin
layer has been provided on the surface of papers. Additional examples thereof include papers for use in office works or
conventional printing or packaging, such as coated papers, art papers, vegetable parchments, glassine papers, parchment papers, paraffin-waxed papers, and Japanese papers. Further, woven fabrics or nonwoven fabrics of various fibers
having appearance and properties close to papers may also be utilized as the substrate 1 although they are different
from the above papers. The various fibers referred to herein include: inorganic fibers, such as glass fibers, asbestos
fibers, potassium titanate fibers, alumina fibers, silica fibers, and carbon fibers; and synthetic fibers, such as polyester
fibers and vinylon fibers.
[0085] Plastic films or plastic sheets include films or sheets of the following various synthetic resins. Various synthetic
resins include polyethylene resins, polypropylene resins, polymethylene resins, polymethylpentyne resins, polyvinyl
chloride resins, polyvinylidene chloride resins, polyvinyl alcohol resins, vinyl chloride-vinyl acetate copolymer resins,
ethylene-vinyl acetate copolymer resins, ethylene-vinyl alcohol copolymer resins, polyethylene terephthalate resins,
polybutylene terephthalate resins, polyethylene naphthalate-isophthalate copolymer resins, polymethyl methacrylate
resins, polyethyl methacrylate resins, polybutyl acrylate resins, polyamide resins typified by nylon 6 or nylon 66, cellulose
triacetate resins, cellophanes, polystyrene resins, polycarbonate resins, polyallylate resins, and polyimide resins.
[0086] The metallic foil, the metallic sheet, or the metallic plate may be made of the following metals. Specifically,
aluminum, iron, stainless steel, copper or the like may be used. In some cases, plating may be applied on the metal
material. Wood-based plates include wood plates, plywoods, particle boards, and medium-density fiber boards called
"MDF." Ceramic materials include, for example, ceramic building materials, such as gypsum boards, calcium silicate
boards, and wood chip cement boards, potteries or ceramic whitewares, glasses, porcelain enamels, and fired tiles. In
addition, composites of various materials, such as a fiber-reinforced plastic plate, a laminate comprising a paper honeycomb and iron plates applied respectively onto both sides of the paper honeycomb, a polyethylene resin sandwiched
between two aluminum plates, may also be used as the substrate 1.
[0087] The pattern 103 having lower air permeability than the other portions may be formed on the substrate 101 by
forming a relatively thick print of a synthetic resin composition having a high film-forming property and drying or setting
the coating to form a pattern of a layer which is formed of a synthetic resin, has an even thickness, has large thickness,
and has only a small number of gaps or pores permeable to air. In printing by conventional gravure printing, since cell
shapes of the gravure plate are reproduced, the ink is not spread to portions other than cells in the plate, that is, at bank
portions. This creates gaps, and air permeates the gap portion. In order to inhibit the permeation of the air, printing
should be such that the cell shapes of the plate are not reproduced.
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[0088] To this end, an ink used is selected which contains a low content of an inorganic filler having an air permeabilitylowering property and has a high resin solid content. Alternatively, an ink may be selected which is likely to spread
towards the lateral direction upon transfer of the ink on the substrate 1 at the time of printing. Further, a plate depth is
increased to increase the amount of the ink transferred, thus permitting portions corresponding to banks to be also
covered with the ink by leveling. When the air permeability is measured with a Gurley densometer according to JIS P
8117, conventional original papers for building materials having an air permeability of 200 sec to less than 1,000 sec,
while those having an ordinary print of a top coating composition not having a penetration-regulating property have an
air permeability of 1,000 sec to 2,000 sec. Preferred inks for the formation of a pattern having low air permeability are
those wherein the resin binder is a polyvinyl chloride resin, a plastisol of an acrylic resin or a urethane resin, the content
of the resin binder based on the ink solid is 50 to 100% by weight, preferably 60 to 90% by weight, the content of the
inorganic filler is lower than the content of the inorganic filler in the ink for the formation of other patterns and is 0.1%
by weight to 30% by weight, preferably 1 to 10% by weight, based on the ink solid, and the viscosity is 10 to 5000 cps,
preferably 100 to 1000 cps. Among them, an ink using a plastisol of a polyvinyl chloride resin is suitable because the
solid content can be increased and, in addition, at the time of the formation of the surface protective layer using a synthetic
resin composition or an ionizing radiation-curable resin composition, the penetration of the composition is not significant.
[0089] Preferred inks for printing of a woodgrain pattern including a vessel pattern are such that the binder is nitrocellulose, a blend of acrylic resin with nitrocellulose, urethane, acrylic resin, or polyvinyl chloride resin, the content of the
resin binder based on the ink solid is 50 to 95% by weight, preferably 60 to 90% by weight, the content of the inorganic
filler is 0.1% to 50% by weight, preferably 1 to 30% by weight, based on the ink solid, and the viscosity is 10 to 1,000
cps, preferably 50 to 300 cps.
[0090] The depth of the plate in the formation of a pattern having low air permeability by gravure printing is generally
20 to 100 mm, preferably 40 to 60 mm, and the number of lines is 100 to 20 lines/in., preferably 54 to 40 lines/in.
[0091] Incidentally, in the case of a plate in the printing of a woodgrain pattern including a vessel pattern, the depth
of the plate is 20 to 100 mm, preferably 40 to 60 mm, and the number of lines in the plate is 100 to 20 lines/in., preferably
54 to 40 lines/in. In the preferred plate depth range and the preferred range of number of lines, the amount of the ink
transferred is larger than that in the case of conventional printing in books. Therefore, as described above, upon the
coating of the synthetic resin composition or the ionizing radiation-curable resin composition, the effect of reducing an
apparent layer thickness can also be attained as a result of the penetration of the synthetic resin composition into the
portion of the woodgrain pattern including the vessel pattern.
[0092] In order to impart a feeling of recesses to the vessel pattern, it is more preferred to bring the vessel portion to
a more matted state than the other portions and, in addition, to provide a thick resin layer, in portions other than the
vessels, so that protrusions of the portions other than the vessels can be visually distinguished. Resins usable for this
purpose are those, among the above resins, which are less likely to be collapsed upon application of pressure and are
excellent in processability such as adhesion. In view of the above, an ink is recommended which is produced by bringing
a plastisol of a polyvinyl chloride resin to an ink and has a high resin solid content. Further, the combined use of a
crosslinking agent, such as trimethylolpropane triacrylate, can cause crosslinking within the formed layer which can
improve the properties of the layer.
[0093] After the provision of the pattern 103 including the vessel pattern 102 corresponding to woodgrain vessels on
the substrate 101 and the pattern 4, with lower air permeability, covering portions other than portions on the vessel
pattern 2 in the pattern 3, a synthetic resin composition is coated on the whole surface including the pattern 103 and
the pattern 104 to provide a protective layer 105. As described above, when the portion of the pattern 103 is compared
with the portion of the pattern 104, the portion of the pattern 104 has lower air permeability, or the portion of the pattern
104 is denser. Therefore, upon coating, the synthetic resin composition does not permeate the portion of the pattern
104 or does not substantially permeate the portion of the pattern 104. As a result, upon drying or setting, a layer having
a smooth surface is formed on the portion of the pattern 104. On the other hand, in the portion of the vessel pattern 102,
as described above, the reproduction of the cell shapes of the plate in the printing and/or the presence of a large amount
of the filler permit the synthetic resin composition, used in the formation of the surface protective layer, to penetrate into
the underlying layer. As a result, the surface state is not smooth and, as compared with the pattern 104 having lower
air permeability, is in a highly matte state. This provides an appearance of recesses corresponding to the vessel pattern
102.
[0094] In the formation of the protective layer 105, as described above, a synthetic resin composition is coated by a
conventional coating method, for example, roll coating. As a rule, in the synthetic resin composition, among plastics
constituting films or sheets described above as the material for the substrate 1, those, which can be dissolved or dispersed
in water or an organic solvent to prepare an ink composition, can be used. Even in the case of resins which cannot be
dissolved or dispersed in water or an organic solvent, for example, in the case of a polyethylene resin, this resin can be
heated to form a melt which is then extruded through a T-die to perform lamination simultaneously with film formation,
thereby forming a protective layer 105. Even in this case, that is, even in the case of heat melting of the resin followed
by application, the surface state of the underlying layer affects the surface state of the protective layer 105, and a smooth
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face is formed in portions on the pattern 104 having lower air permeability, while a layer having a surface with concaves
and convexes along the surface form of the underlying vessel pattern 102 is formed in the other portions, thus providing
an appearance of recesses corresponding to the vessel pattern 102. In providing the surface protective layer by using
the T-die, if possible, evacuation from the substrate side can accelerate the effect.
[0095] In the formation of the protective layer, a thermosetting resin composition using a thermosetting resin or an
ionizing radiation-curable resin composition may be used instead of the conventional synthetic resin composition. In this
case, after coating, heating or ionizing radiation irradiation to cause curing through crosslinking can further improve
physical and chemical various properties of the outermost surface. In recent years, this type of decorative materials
have become applied to fields wherein melamine decorative plates have hitherto been used. Therefore, in many cases,
surface durability, particularly abrasion resistance, comparable to that of melamine decorative materials is required. For
this reason, attention has been drawn to a method wherein an ionizing radiation-curable resin composition is coated to
form a coating which is then exposed to an ionizing radiation to cure through crosslinking. The ionizing radiation-curable
resin composition may comprise a suitable mixture of prepolymers, oligomers and/or monomers having a polymerizable
unsaturated bond(s) or an epoxy group(s) in the molecule thereof. The term "ionizing radiation" used herein refers to
electromagnetic radiations or charged particle beams which have energy quanta capable of polymerizing or crosslinking
molecules, and generally refers to, for example, ultraviolet light or electron beam.
[0096] Examples of prepolymers and oligomers usable in the ionizing radiation-curable resin composition include:
unsaturated polyesters, such as condensates of unsaturated dicarboxylic acids with polyhydric alcohols; methacrylates,
such as polyester methacrylates, polyether methacrylates, polyol methacrylates, and melamine methacrylates; acrylates,
such as polyester acrylates, epoxy acrylates, urethane acrylates, polyether acrylates, polyol acrylates, and melamine
acrylates; and cationically polymerizable epoxy compounds.
[0097] Examples of monomers usable in the ionizing radiation-curable resin composition include styrene monomers,
such as styrene and α-methylstyrene, acrylic esters, such as methyl acrylate, 2-ethylhexyl acrylate, methoxyethyl acrylate,
butoxyethyl acrylate, butyl acrylate, methoxybutyl acrylate, and phenyl acrylate, methacrylic esters, such as methyl
methacrylate, ethyl methacrylate, propyl methacrylate, methoxyethyl methacrylate, ethoxymethyl methacrylate, phenyl
methacrylate, and lauryl methacrylate, substituted amino alcohol esters of unsaturated substituted acids, such as 2-(N,Ndiethylamino)ethyl acrylate, 2-(N,N-dimethylamino)ethyl acrylate, 2-(N,N-dibenzylamino)methyl acrylate, and 2-(N,Ndiethylamino)propyl acrylate, unsaturated carboxylic acid amides, such as acrylamide and methacrylamide, compounds,
such as ethylene glycol diacrylate, propylene glycol diacrylate, neopentyl glycol diacrylate, 1,6-hexanediol diacrylate,
and triethylene glycol diacrylate, polyfunctional compounds, such as dipropylene glycol diacrylate, ethylene glycol diacrylate, propylene glycol dimethacrylate, and diethylene glycol dimethacrylate, and/or polythiol compounds having two
or more thiol groups in a molecule thereof, for example, trimethylolpropane trithioglycolate, trimethylolpropane trithiopropylate, and pentaerythritol tetrathioglycol.
[0098] In general, in the ionizing radiation-curable resin composition, for the monomer, the above compounds may
be, if necessary, used alone or as a mixture of two or more. However, in order to impart coatability on an ordinary level
to the ionizing radiation-curable resin composition, preferably, the ionizing radiation-curable resin composition comprises
not less than 5% by weight of the prepolymer or oligomer and not more than 95% by weight of the monomer and/or
polythiol compound.
[0099] When flexibility is required of a cured product of the ionizing radiation-curable resin composition after coating,
the amount of the monomer may be reduced, or alternatively a monofunctional or difunctional acrylate monomer may
be used. On the other hand, when abrasion resistance, heat resistance, solvent resistance and other properties are
required of the cured product of the ionizing radiation-curable resin composition after coating, a tri- or higher functional
acrylate monomer may be used. Thus, the ionizing radiation-curable resin composition can be designed according to
need. Examples of the monofunctional acrylate monomer include 2-hydroxy acrylate, 2-hexyl acrylate, and phenoxyethyl
acrylate. Examples of the difunctional monomer include ethylene glycol diacrylate and 1,6-hexanediol diacrylate, and
examples of the tri- or higher functional acrylate monomer include trimethylolpropane triacrylate, pentaerythritol triacrylate, pentaerythritol tetraacrylate, and dipentaerythritol hexaacrylate.
[0100] Further, in order to regulate properties, such as flexibility and surface hardness, of the cured product of the
ionizing radiation-curable resin composition after coating, an ionizing radiation non-curing resin may be added to the
ionizing radiation-curable resin composition. Specific examples of ionizing radiation non-curing resins include thermoplastic resins, such as polyurethane, cellulosic, polyvinyl butyral, polyester, acrylic, polyvinyl chloride, and polyvinyl
acetate resins. Among them, polyurethane, cellulosic, and polyvinyl butyral resins are preferred from the viewpoint of
improving the flexibility.
[0101] When the ionizing radiation-curable resin composition upon coating is cured by ultraviolet irradiation, a photopolymerization initiator or a photopolymerization accelerator is added. In the case of a resin system having a radical
polymerizable unsaturated group, acetophenones, benzophenones, thioxanthones, benzoin, benzoin methyl ether and
the like may be used alone or as a mixture of two or more as the photopolymerization initiator. On the other hand, in the
case of a resin system having a cationically polymerizable functional group, aromatic diazonium salts, aromatic sulfonium
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salts, aromatic iodonium salts, metallocene compounds, benzoinsulfonic esters and the like may be used alone or as a
mixture of two or more as the photopolymerization initiator. The amount of the photopolymerization initiator added is 0.1
to 10 parts by weight based on 100 parts by weight of the ionizing radiation-curable resin composition.
[0102] In order to improve the abrasion resistance of the protective layer in its surface, spherical particles, which are
preferably inorganic and have higher hardness than the resin cured by crosslinking, are incorporated into the protective
layer. The addition of spherical particles having high hardness can realize further strengthening of the surface. The
spherical particles may not be necessarily truly spherical, and particles having a smooth surface suffice for contemplated
results. The function of the spherical particles is such that a part thereof is protruded from the surface of the protective
layer to receive the external force causative of the abrasion by the surface of the spherical particles and the spherical
particles per se are gradually abraded to prevent the abrasion of the underlying layer. Spherical particles usable herein
include α -alumina, silica, chromium oxide, iron oxide, diamond, and graphite. Among them, spherical α-aluminas (spherical alumina "AS-10" and "AS-50", manufactured by Showa Denko K.K.) are recommended from the viewpoint of high
hardness and easy availability of spherical particles. The average diameter of the spherical particles is preferably 5 to
100 mm. In using the inorganic spherical particles in the protective layer, preferably, the spherical particles are previously
treated with a silane coupling agent or the like from the viewpoint of enhancing the adhesion thereof in the resin constituting
the protective layer.
EXAMPLES
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Example A1
[0103] An impregnated paper GF601 manufactured by Kohjin Co., Ltd. was provided as a base paper for a decorative
paper which is a decorative sheet common to examples and comparative examples. A woodgrain print was provided
using an ink for a pattern (HAT ink, manufactured by The Inctec Inc.) at a coverage of 5 g/m 2 on one side of the base
paper by gravure printing.
[0104] An acrylic resin (CFF primer, manufactured by Showa Ink Ind. Co., Ltd.) was coated at a coverage of 2 g/m2
by gravure printing on the print layer to form a primer layer. Next, an electron beam-curable resin, which is a high
crosslinking (average molecular weight between crosslinks: 150) ionizing radiation-curable resin and has the following
composition, was coated by gravure reverse coating at a coverage of 20 g/m2, followed by electron beam irradiation
under conditions of acceleration voltage 175 kV and 5 Mrad to prepare a decorative sheet.
(Electron beam-curable resin layer)
Bifunctional acrylate monomer
Trifunctional acrylate monomer
Silicone acrylate
Silica

35

40 pts.wt.
60 pts.wt.
1 pt.wt.
20 pts.wt.

Comparative Example A1
40

[0105] A decorative sheet was prepared in the same manner as in Example A1, except that the electron beam-curable
resin layer was coated without the formation of the primer layer. For the electron beam-cured resin layer, the average
molecular weight between crosslinks was 150, and the coverage was 20 g/m2.
45

Comparative Example A2
[0106] After the formation of the primer layer, an ionizing radiation-curable resin (average molecular weight between
crosslinks: 800) was used to prepare a decorative sheet.

50

55

(Electron beam-curable resin layer)
Urethane acrylate oligomer
Bifunctional acrylate monomer
Trifunctional acrylate monomer
Silicone acrylate
Silica

14

50 pts.wt.
30 pts.wt.
20 pts.wt.
1 pt.wt.
20 pts.wt.
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[0107] A decorative sheet was prepared in the same manner as in Example A1, except that the electron beam-curable
resin layer was coated without the formation of the primer layer. For the electron beam-cured resin layer, the average
molecular weight between crosslinks was 800.
Example A2

10

[0108] A blend of a butyral resin with a urethane resin (Bu Primer, manufactured by Showa Ink Ind. Co., Ltd.) was
coated at a coverage of 2 g/m2 by gravure printing on a print layer provided on a base paper to form a primer layer. In
this under coat, the blending ratio of the butyral resin to the urethane resin was regulated to 1 : 1. Next, an electron
beam-curable resin, which is a high crosslinking (average molecular weight between crosslinks 150) ionizing radiationcurable resin and has the same composition as described in Example A1, was coated and irradiated in the same manner
as in Example A1. Thus, a decorative sheet was prepared.
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Comparative Example A4
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[0109] A decorative sheet was prepared in the same manner as in Example A2, except that the average molecular
weight between crosslinks was 800.
[0110] For the decorative sheets prepared in Examples A1 and A2 and Comparative Examples A1 to A4, a cross-cut
Cello-Tape adhesion test was carried out to evaluate the adhesion, and a test on resistance to staining was carried out
according to JIS K 6902 to evaluate resistance to staining.
[0111] In the cross-cut Cello-Tape adhesion test, the surface of the decorative sheet was cut with a cutter at intervals
of 2 mm to form cross-cuts of 10 divisions in each of lengthwise and widthwise directions, and a pressure-sensitive
adhesive tape was applied onto and then separated from the surface of the decorative sheet. The application of the
pressure-sensitive adhesive tape followed by the separation was repeated three times wherein, in each time, a fresh
pressure-sensitive adhesive tape was used. Thereafter, the number of squares, wherein the coating remained unremoved, was counted.
[0112] In the test on resistance to staining, two test pieces having a suitable size were cut off from a decorative plate
with a decorative sheet applied thereonto. A staining material (shoe polish was used here) was deposited on each facing,
and the test pieces were allowed to stand for 24 hr. In this case, one of the test pieces was covered with a watch glass,
while the other test piece was kept without any cover. Thereafter, these test pieces were washed with water, further
washed with methyl alcohol or ethyl alcohol, wiped with dried clean gauze, and then allowed to stand for one hr. For
these test pieces, a change in facing from the facing before the test was visually inspected. The results are shown in
Table A1.
Table A1
Ex.A1

Ex.A2

Comp.
Ex.A1

Comp.
Ex.A2

Comp.
Ex.A3

Comp.
Ex.A4

Primer layer

CFF

Bu

-

CFF

-

Bu

Electron beamcured resin

150

150

150

800

800

800

20,000 30,000

5,000/2,000 2,500

-

/

/

/

Yield strength,
kgf

1.05

1.07

-

1.05

/

1.07

Breaking
strength, kgf

1.88

2.02

-

1.88

/

2.02

40

Layer
construction

Average
molecular
weight

45

50

Properties of
primer layer

55

15

EP 1 038 665 B1
(continued)

5

Evaluation
10

15

20

25

Ex.A1

Ex.A2

Comp.
Ex.A1

Comp.
Ex.A2

Comp.
Ex.A3

Comp.
Ex.A4

Cello-Tape
adhesion

100/100

100/100

80/100

100/100

100/100

100/100

Resistance to
staining

Not
stained

Not stained

Not
stained

Stained

Stained

Stained

1 kgf is 9.80665 N
[0113] Among the properties of the primer layer, the yield strength and the breaking strength are values obtained by
measurement in such a manner that two biaxially stretched polyethylene terephthalate film strips having a thickness of
50 mm and a width of 10 mm were laminated on top of the other through a 3 mm-thick primer layer so as for the end of
one of the strips to overlap with the end of the other strip by 10 mm and, in this state, the two biaxially stretched
polyethylene terephthalate film strips are pulled at a temperature of 70°C in opposite directions.
[0114] As is apparent from Table A1, when the ionizing radiation-cured resin layer has an average molecular weight
between crosslinks of 150, no staining occurred in the test on resistance to staining, whereas when the ionizing radiationcured resin layer has an average molecular weight between crosslinks of 800, staining occurred in the test on resistance
to staining. Further, it should be noted that, in Comparative Example A1 wherein no under coat was provided, 20% of
the squares (80/100) was separated in the Cello-Tape adhesion test, although the average molecular weight between
crosslinks was 150. This demonstrates that the properties of the primer layer contribute greatly to improved adhesion.
[0115] As is apparent from the foregoing description, according to the decorative material of the present invention,
the provision of a primer layer for relaxing shrinkage caused at the time of curing of an ionizing radiation-curable resin
in the formation of a protective layer can realize the formation of a protective layer which has a high average molecular
weight between crosslinks, possesses excellent resistance to staining, and does not pose any problem of unsatisfactory
adhesion or the like.

30

Examples A3 to A7 and Comparative Examples A5 to A9

35

[0116] Decorative materials were prepared in the same manner as in Example A1, except that only the primer layer
was changed. The decorative materials thus obtained were evaluated in the same manner as described above. For the
primer layers, the chemical constitution, properties, and evaluation results of the primer layer are shown below. The
tensile test of the primer layer was carried out in the same manner as described above.
Table A2

40

45

50

Ex. A3

Ex.A4

Ex.A5

Ex.A6

Ex.A7

Butyral/urethane
system = 1/1

Urethane/ polyester
system (1) = 1/1

Urethane/ polyester
system (2) = 1/2

Urethane
system
(1)

Acryl/urethane
system = 1/1

Average
molecular
weight

5,000/2,000

30,000/3,000

30,000/3,000

20,000

28,000/3,000

Yield
strength,
kgf

1.10

1.71

2.40

1.65

2.05

Breaking
strength,
kgf

2.30

2.43

2.61

1.95

2.25

100/100

100/100

100/100

100/100

100/100

Primer
layer

Cello-Tape
adhesion
55

1 kgf is 9.80665 N
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[0117] Compositions for the formation of the primer layers were as follows.
Example A3: Microsilica/butyral-urethane/mixed solvent = 1/9.5-9.5/80
Example A4: Microsilica/urethane-polyester/antisettling agent/mixed solvent = 7.7/12-12/0.3/68
Example A5: Microsilica/urethane-polyester/antisettling agent/mixed solvent = 7.7/8-16/0.3/68
Example A6: Microsilica/urethane/anti-settling agent/mixed solvent = 2/25/0.3/72.7
Example A7: Microsilica/acryl-urethane/antisettling agent/mixed solvent = 3/12-12/0.1/72.9
Table A3
Comp.Ex.A5

10

15

20

25

Comp.Ex.A6

Comp.Ex.A7

Comp.Ex.A9

Nitrocellulose
system

Acryl system

Primer
layer

-

Urethane
system (2)

Average
molecular
weight

-

35,000

28,000/18,000

40,000

30,000

Yield
strength,
kqf

-

0.15

0.22

0.05

0.32

Breaking
strength,
kqf

-

0.23

0.40

0.67

0.70

80/100

83/100

78/100

88/100

90/100

Cello-tape
adhesion

Acryl/chlorinated vinyl acetate
system = 1/1

Comp.Ex.A8

1 kgf is 9.80665 N
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[0118]
[0119]
[0120]
[0121]
[0122]

Compositions for the primer layers were as follows.
Comparative Example A6: Microsilica/urethane/mixed solvent = 2/22/76
Comparative Example A7: Microsilica/acryl-chlorinated vinyl acetate/ mixed solvent = 1/9.8-9.8/79.4
Comparative Example A8: Microsilica/nitrocellulose/ mixed solvent = 1/21/78
Comparative Example A9: Microsilica/acryl/antisettling agent/mixed solvent = 1/23/0.3/75.7

Examples E1 and E2
[0123] A pattern was gravure printed using a gravure ink onto a tissue paper (30 g/m2). An electron beam-curable
resin [urethane acrylate oligomer : polyester acrylate oligomer : polyfunctional monomer : monofunctional monomer =
10 : 20 : 40 : 30 (weight ratio)] was roll coated at a coverage of 15 g/m 2 onto the pattern layer. The coating of the electron
beam-curable resin was then irradiated with an electron beam under conditions of 175 kV and 5 Mrad to cure the electron
beam-curable resin layer, thereby forming a protective layer. Thus, a decorative sheet of Example E1 was prepared.
The procedure used in Example E1 was repeated, except that the dose in the electron beam irradiation was changed
to 3 Mrad. Thus, a decorative sheet of Example E2 was prepared. The decorative sheets of these examples were hot
laminated at 170°C onto a particle board with the aid of a vinyl acetate adhesive (manufactured by Konishi Co., Ltd.).
Thus, decorative materials of Examples E1 and E2 were prepared. For the decorative materials and the decorative
sheets before the lamination in Examples E1 and E2, the gloss was measured with a Gardner 75-degree gloss meter.
[0124] The gloss of the decorative sheet before lamination and the gloss of the decorative material after lamination
in Examples E1 and E2 are shown in Table E1.
Comparative Example E1
[0125] A decorative sheet and a decorative material of Comparative Example 1 were prepared in the same manner
as in Example E1, except that the dose in the electron beam irradiation was changed to 1 Mrad. The gloss of the
decorative sheet before lamination and the gloss of the decorative material after lamination in Comparative Example
E1 are shown in Table E1.
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[0126] A pattern was gravure printed using a gravure ink on a tissue paper (30 g/m 2). A protective layer was then
formed on the pattern layer from a two-component curable urethane (KR-94 (tradename), manufactured by The Inctec
Inc.) to prepare a decorative sheet of Comparative Example E2. A decorative material of Comparative Example E2 was
prepared in the same manner as in Example E1, except that the decorative sheet of Comparative Example E2 was
used. The gloss of the decorative sheet before lamination and the gloss of the decorative material after lamination in
Comparative Example E2 are shown in Table E1.
Table E1

10

Type of resin
15

Dose of electron
beam

Gloss before
lamination

Gloss after
lamination

Ex.E1

Electron beam-curable resin

5 Mrad

95

93

Ex.E2

Electron beam-curable resin

3 Mrad

95

90

Comp.Ex.E1

Electron beam-curable resin

1 Mrad

95

80

Comp.Ex.E2

Urethane (two component
system)

95

70

20

25

[0127] Since the maximum temperature, at which the decorative sheets according to the present invention can withstand, is 170°C, the decorative sheets, even when exposed to heat of up to 170°C during hot lamination, do not lose
the surface gloss. Thus, according to the present invention, decorative sheets and decorative materials having high
design effect can be provided.

Claims
30

1.

A decorative material comprising:
a substrate;
a print layer provided on the substrate;
a protective layer provided on the print layer, the protective layer comprising an ionizing radiation-cured resin
having an average molecular weight between crosslinks of 100 to 200, said average molecular weight between
crosslinks being determined by dividing the molecular weight of the whole resin by the number of crosslink
points according to the following formula:

35

40

wherein A is average molecular weight between crosslinks; 3(M3m) means the molecular weight of the whole
resin wherein M is number of moles of each component incorporated and m is molecular weight of each component; Σ{2(f-1)3m} means the number of crosslink points wherein f is number of functional groups in each
component; and
a stress relaxing layer as a primer layer provided between the print layer and the protective layer, for relaxing
shrinkage stress caused at the time of curing of an ionizing radiation-curable resin for the formation of the
ionizing radiation-cured resin constituting the protective layer.
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50

55

2.

The decorative material according to claim 1, wherein the primer layer has a thickness of 1 to 5 mm.

3.

The decorative material according to claim 1, wherein the ionizing radiation-curable resin is an electron beamcurable resin.

4.

The decorative material according to claim 1, wherein the primer layer has a yield strength of not less than 5.88 N
(0.6 kgf) and a breaking strength of not less than 9.81 N (1.0 kgf), the yield strength and the breaking strength having
been measured in such a manner that two biaxially stretched polyethylene terephthalate film strips having a thickness
of 50 mm and a width of 10 mm are laminated on top of the other through a 3 mm-thick primer layer so as for the
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end of one of the strips to overlap with the end of the other strip by 10 mm and, in this state, the two biaxially stretched
polyethylene terephthalate film strips are pulled at a temperature of 70°C in opposite directions.
5.

The decorative material according to claim 4, wherein the primer layer has a yield strength of 5.88 to 29.42 N (0.6
to 3.0 kgf) and a breaking strength of 9.81 to 39.23 N (1.0 to 4.0 kgf).

6.

The decorative material according to claim 1, wherein the protective layer has a maximum temperature, at which
the protective layer can withstand, of 170°C.

7.

The decorative material according to claim 6, wherein the decorative material has a surface gloss of not less than
90 as measured with a Gardner 75-degree gloss meter.

8.

The decorative material according to claim 1, wherein the print layer comprises a pattern having lower air permeability
than the other portions and has, on its whole surface, the protective layer.

9.

The decorative material according to claim 8, wherein the protective layer contains high-hardness spherical particles
for improving abrasion resistance, the difference in hardness between the spherical particles and the cured resin
being not less than 1 in terms of Mohs hardness.
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10. The decorative material according to claim 9, wherein the high-hardness spherical particles are spherical α-alumina.
11. The decorative material according to claim 8, wherein concaves and convexes consistent with the pattern having
lower air permeability are provided on the surface of the decorative material.
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Patentansprüche
1.

Ziermaterial, umfassend:
ein Substrat;
eine Druckschicht, bereitgestellt auf dem Substrat;
eine Schutzschicht, bereitgestellt auf der Druckschicht, wobei die Druckschicht ein mit ionisierender Strahlung
gehärtetes Harz umfasst, aufweisend ein durchschnittliches Molekulargewicht zwischen Vernetzungen von 100
bis 200,
wobei das durchschnittliche Molekulargewicht zwischen Vernetzungen bestimmt wird durch Teilen des Molekulargewichts des gesamten Harzes durch die Anzahl an Vernetzungspunkten nach der nachstehenden Formel:

30

35

40

wobei A das durchschnittliche Molekulargewicht zwischen Vernetzungen ist; Σ(M3m) das Molekulargewicht
des gesamten Harzes bedeutet, wobei M die Anzahl an Molen von jeder eingebrachten Komponente ist und m
das Molekulargewicht von jeder Komponente ist; 3{2(f-1)3m} die Anzahl an Vernetzungspunkten bedeutet,
wobei f die Anzahl der funktionellen Gruppen in jeder Komponente ist; und
eine Spannungsrelaxationsschicht als eine Primerschicht, bereitgestellt zwischen der Druckschicht und der
Schutzschicht, zum Entspannen der Schrumpfspannung, verursacht zum Zeitpunkt des Härtens eines mit ionisierender Strahlung härtbaren Harzes zur Bildung des mit ionisierender Strahlung gehärteten Harzes, das
die Schutzschicht bildet.
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2.

Ziermaterial nach Anspruch 1, wobei die Primerschicht eine Dicke von 1 bis 5 mm aufweist.

3.

Ziermaterial nach Anspruch 1, wobei das mit ionisierender Strahlung härtbare Harz ein mit Elektronenstrahlung
härtbares Harz ist.

4.

Ziermaterial nach Anspruch 1, wobei die Primerschicht eine Streckgrenze von nicht weniger als 5,88 N (0,6 kgf)
und eine Bruchfestigkeit von nicht weniger als 9,81 N (1,0 kgf) aufweist, wobei die Streckgrenze und die Brichfestigkeit
derart gemessen worden sind, dass zwei biaxial gestreckte Polyethylenterephthalat-Filmstreifen, aufweisend eine
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Dicke von 50 mm und eine Breite von 10 mm, übereinander über eine 3 mm dicke Primerschicht so laminiert sind,
dass das Ende von einem der Streifen mit dem Ende des anderen Streifens um 10 mm überlappt, und in diesem
Zustand die beiden biaxial gestreckten Polyethylenterephthalat-Filmstreifen bei einer Temperatur von 70°C in gegenüberliegende Richtungen gezogen werden.
5

5.

Ziermaterial nach Anspruch 4, wobei die Primerschicht eine Streckgrenze von 5,88 bis 29,42 N (0,6 bis 3,0 kgf) und
eine Bruchfestigkeit von 9,81 bis 39,23 N (1,0 bis 4,0 kgf) aufweist.

6.

Ziermaterial nach Anspruch 1, wobei die Schutzschicht eine Maximaltemperatur, bei der die Schutzschicht standhält,
von 170°C aufweist.

7.

Ziermaterial nach Anspruch 6, wobei das Ziermaterial einen Oberflächenglanz von nicht weniger als 90, gemessen
mit einem Gardner 75-Grad-Glanzmesser, aufweist.

8.

Ziermaterial nach Anspruch 1, wobei die Druckschicht ein Muster, aufweisend geringere Luftdurchlässigkeit als die
anderen Teile, umfasst und auf ihrer gesamten Oberfläche die Schutzschicht aufweist.

9.

Ziermaterial nach Anspruch 8, wobei die Schutzschicht hochharte sphärische Teilchen zur Verbesserung der Abriebfestigkeit enthält, wobei der Unterschied in der Härte zwischen den sphärischen Teilchen und dem gehärteten
Harz nicht weniger als 1 in Bezug auf Mohshärte beträgt.
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10. Ziermaterial nach Anspruch 9, wobei die hochharten sphärischen Teilchen sphärisches α-Aluminiumoxid sind.
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11. Ziermaterial nach Anspruch 8, wobei Höhlungen und Wölbungen in Übereinstimmung mit dem Muster, aufweisend
geringere Luftdurchlässigkeit, auf der Oberfläche des Ziermaterials bereitgestellt sind.

Revendications
30

1.

Matériau décoratif comprenant :
un substrat ;
une couche d’impression disposée sur le substrat ;
une couche de protection disposée sur la couche d’impression, la couche de protection comprenant une résine
durcie au rayonnement ionisant présentant un poids moléculaire moyen entre des réticulations de 100 à 200,
ledit poids moléculaire moyenne entre des réticulations étant déterminé par division du poids moléculaire de
la résine entière par le nombre de points de réticulation selon la formule suivante :
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dans lequel A est un poids moléculaire moyen entre des réticulations ; 3(M3m) signifie le poids moléculaire
de la résine entière, dans lequel M est le nombre de moles de chaque composant incorporé et m est le poids
moléculaire de chaque composant ; E{2(f-1)xm} signifie le nombre de points de réticulation, dans lequel f est
le nombre de groupes fonctionnels dans chaque composant ; et
une couche de relâche de contrainte comme une couche de fond disposée entre la couche d’impression et la
couche de protection, pour relâcher la contrainte de retrait causée au moment du durcissement d’une résine
pouvant être durcie au rayonnement ionisant pour la formation de la résine durcie au rayonnement ionisant
constituant la couche de protection.
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2.

Matériau décoratif selon la revendication 1, dans lequel la couche de fond a une épaisseur de 1 à 5 mm.

3.

Matériau décoratif selon la revendication 1, dans lequel la résine pouvant être durcie au rayonnement ionisant est
une résine pouvant être durcie au faisceau électronique.

4.

Matériau décoratif selon la revendication 1, dans lequel la couche de fond a une limite d’élasticité qui n’est pas
inférieure à 5,88 N (0,6 kgf) et une résistance à la rupture qui n’est pas inférieure à 9,81 N (1 kgf), la limite d’élasticité
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et la résistance à la rupture ayant été mesurées de telle manière que deux bandes de film de téréphtalate de
polyéthylène étirées biaxialement ayant une épaisseur de 50 mm et une largeur de 10 mm soient laminées sur le
dessus de l’autre par une couche de fond de 3 mm d’épaisseur pour que l’extrémité d’une des bandes recouvre
l’extrémité de l’autre bande de 10 mm et dans cet état, les deux bandes de film de téréphtalate de polyéthylène
étirées biaxialement soient tirées à une température de 70°C dans des directions opposées.
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5.

Matériau décoratif selon la revendication 4, dans lequel la couche de fond a une limite d’élasticité de 5,88 à 29,42
N (0,6 à 3 kgf) et une résistance à la rupture de 9,81 à 39,23 N (1 à 4 kgf).

6.

Matériau décoratif selon la revendication 1, dans lequel la couche de protection présente une température maximale,
à laquelle la couche de protection peut résister, de 170°C.

7.

Matériau décoratif selon la revendication 6, dans lequel le matériau décoratif a une brillance de surface qui n’est
pas inférieure à 90, comme mesuré avec un brillancemètre de 75 degrés de Gardner.

8.

Matériau décoratif selon la revendication 1, dans lequel la couche d’impression comprend un motif présentant une
plus faible perméabilité à l’air que les autres parties et présente sur sa surface entière la couche de protection.

9.

Matériau décoratif selon la revendication 8, dans lequel la couche de protection contient des particules sphériques
à dureté élevée pour améliorer la résistance à l’abrasion, la différence de dureté entre les particules sphériques et
la résine durcie n’étant pas inférieure à 1 en termes de dureté de Mohs.
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10. Matériau décoratif selon la revendication 9, dans lequel les particules sphériques à dureté élevée sont des αalumines sphériques.
25

11. Matériau décoratif selon la revendication 8, dans lequel des concaves et convexes compatibles avec le motif présentant une perméabilité à l’air plus faible sont prévus sur la surface du matériau décoratif.
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